Mycoplasma bovoculi and Mycoplasma bovis were both isolated from conjunctival swabs taken from young calves showing symptoms consistent with infectious bovine keratoconjunctivitis (pinkeye). No Moraxella spp. or other nonmycoplasma bacteria were isolated in association with this severe clinical outbreak. Based on laboratory tests and clinical observations, the first phase of the disease was likely pneumonic in nature, possibly caused by bovine respiratory syncytial virus and M. bovis. In the subsequent phase of the disease course, infection with both M. bovoculi and M. bovis resulted in ocular disease. A combination of microbiological, serological, and molecular diagnostic methods was used to elucidate the etiology of the outbreak.
Infectious bovine keratoconjunctivitis (IBK) is the most common and important ocular disease of cattle. 12, 14 Clinical signs may include bilateral conjunctivitis, tearing, photophobia, and keratitis. The disease is often called ''pinkeye'' because of the characteristic reddening and inflammation of the conjunctiva of the eyelid and eyeball. Irritation of the eye caused by intense sunlight, dust, pollen or grass seeds is a major predisposing factor to infection. Mixed infections are often established and act in concert or successively to result in pinkeye. Many different microorganisms have been implicated in IBK, including Moraxella spp. and several Mycoplasma spp. Among the mycoplasmas, Mycoplasma bovoculi has been widely isolated from ocular swabs of affected eyes. 2, 7, 12, 14 It has been demonstrated experimentally that prior infection by ocular instillation with M. bovoculi enhances and prolongs colonization of Moraxella bovis and Moraxella ovis. 13, 15 The observation that M. bovoculi and Moraxella spp. may be isolated in coinfection also suggests that M. bovoculi may play a role in the development of the IBK syndrome. 7, 10 In fact, because not all clinical diagnostic laboratories routinely perform isolation of Mycoplasma spp., the prevalence of this class of microorganisms is not known.
Infectious bovine keratoconjunctivitis seems to be rather a common syndrome in Israeli cattle, and the occurrence of multiple clinical cases is a typical feature during each outbreak. Infectious bovine keratoconjunctivitis occurs most frequently in adult cattle 5 but may also be observed in calves and young heifers. 20 Environmental factors such as climate or intensity of UV radiation may influence the frequency or severity of IBK outbreaks, and these factors were implicated in a previously described extensive outbreak in the warm arid zone of Jericho Valley. 21 the major pathogens 5, 21, 20 ; however, tests were not done for the presence of Mycoplasma spp.
This report describes an outbreak of IBK in calves associated with the isolation of M. bovoculi from the conjunctiva of all 5 tested animals, which was also associated with concurrent infection of M. bovis but not Moraxella spp. organisms. A group of Israeli Holstein calves, 3-4 months old, exhibited clinical manifestations of bovine respiratory complex (BRC). Nasal clear discharge, dyspnea, cough, and rhinitis of various degrees were the major clinical signs. Affected animals had hyperemic nasal mucosa occasionally accompanied by ulceration, whereas a few animals developed ichorous rhinitis. Rectal temperatures reached 41 C. Abundant clear ocular secretions were also observed. From day 7 to day 10 the major respiratory signs diminished, but the abundant ocular secretions became more pronounced. Eyeballs were the color of terracotta. Thirty out of 40 animals demonstrated discernable signs of IBK, which lasted for approximately 3 weeks. Diagnosis of IBK was based on the clinical characteristics of inflammation and partial corneal opacity. Only 1 animal died with symptoms unrelated to the IBK infection.
A few days after the onset of BRC symptoms, serum samples from 10 diseased female calves were taken. Three weeks later, another 10 serum samples were collected from the convalescent animals. Serum samples were kept at Ϫ20 C until being tested. Serum-neutralizing (SN) tests for presence of antibodies inhibiting the growth of bovine respiratory syncytial virus (BRSV) was carried out using standard methods. 19 Antibodies for parainfluenza 3 virus (PI3V) and infectious bovine rhinotracheitis virus (IBRV) were carried out with commercial enzyme-linked immunosorbent assay (ELISA) kits IBR-AB a and RSV-AB, a according to manufacturers' instructions. ELISA antibodies for bovine diarrhea virus (BVDV) were tested with the HerdChek BVDV Ab kit b All serum samples seroconverted for BRSV by the SN test, but no seroconversion in the ELISA tests was noted for the other viruses tested (BVDV, IBRV, PI3V).
On the 10th day of the episode, 5 affected animals with massive lachrymal discharge were sampled. One eye swab and 1 nasal swab from each animal were immersed into mycoplasma carrier broth for mycoplasma isolation and another 
* Species identification of all mycoplasmas was carried out by immunofluorescence staining of mycoplasma colonies on agar and biochemical properties of cloned mycoplasma isolates. M. bovis was also identified by PCR. set of swabs transported in a carrier medium for isolation of other bacterial pathogens. c All laboratory analyses were begun less than 5 hours from the time of sampling.
Isolation of bacterial pathogens was performed by standard methods. 4, 5 No Moraxella spp. or other nonmycoplasma bacteria were isolated from the ocular secretion swabs.
Isolation of mycoplasmas was performed by inoculation of eye and nasal swabs to mycoplasma agar and broth media, according to standard methods. 8, 18 Two mycoplasma media were used in this study. For nonfastidious Mycoplasma spp. a modification of Hayflick's medium (designated MB) was used. 6 This mycoplasma broth contains heart infusion broth, d yeast extract, d and 15% horse serum with thallium acetate and penicillin to prevent growth of nonmycoplasmal bacteria. For fastidious mycoplasmas (particularly Mycoplasma dispar), Friis medium 7,6 (designated FF) was used. Instead of penicillin, the medium contained 67 l/ml cefopevazone e and 200 l/ml bacitracin. e Identification of mycoplasma colonies on agar was by direct or indirect immunofluorescence (IMF) of excised agar blocks, using a modification of the methods described by Rosendal and Black. 16 Species-specific rabbit antibodies and cognate reference strains were obtained from Dr. R. L. Leach. f Conjugated antisera for direct IMF of M. bovis and Mycoplasma bovirhinis were obtained from Dr. J. F. Tully. g A M. dispar reference strain was obtained from Dr. R. L. Rosenbusch. h Inoculation of swabs of the conjunctival sac into mycoplasma enrichment broth resulted in growth of mycoplasma from each of the 5 samples tested ( Table 1) . Morphologically distinct colonies were present in various proportions on the 2 mycoplasma media. Mycoplasma bovoculi was identified by indirect IMF from each animal. Mycoplasma bovis was isolated from 3 out of the 5 ocular secretion samples tested, and M. bovirhinis was present at low levels in 1 eye swab sample. Thus, the relative proportion of the various Mycoplasma spp. identified differed among the 5 animals. Nasal swabs contained copious mixed mycoplasma flora. Enrichment in MB broth resulted in overgrown bacterial contaminants, but enrichment in FF medium with subsequent plating to both FF and MB agar yielded morphologically distinguishable mycoplasma colonies. In the various samples IMF identified M. bovis and M. bovirhinis, however, M. dispar was not detected. Biochemical reactions of the cloned mycoplasma isolates were consistent with the reactions of the respective reference strains. 8 All mycoplasmas isolated were inhibited by digitonin, indicating the absence of Acholoplasma spp.
Interestingly, the M. bovis isolates did not react with the conjugated antiserum used in the direct IMF test, although indirect IMF with M. bovis antiserum was clearly positive. Because species identification of mycoplasma isolates is usually based on IMF staining of colonies, 8, 17 atypical reactions, as shown by these strains, can cause some ambiguity in diagnosis. Species identification of the putative M. bovis isolates (RM-1E from ocular secretions and RM-3N from a nasal swab) was confirmed by testing DNA extracted from mycoplasma broth cultures with polymerase chain reaction (PCR), using M. bovis-specific primers MB920-1/2. 9 The resulting amplicon of approximately 2,000 bp confirmed the species identification as M. bovis (data not shown). The use of PCR for identification of M. bovis isolates that were not recognized by standard serological or biochemical reactions has been previously reported. 1 Mycoplasma bovis is a major bovine pathogen that may cause mastitis, calf pneumonia, and arthritis. 11, 17 Association of M. bovis with symptomatic ocular disease is not characteristic, and the bovine eye is not a predicted organ site for isolation. 8, 11, 17 Until now, M. bovis infection has been diagnosed infrequently in Israel. Most isolations have been from pneumonic lungs of calves imported to Israel from countries in which the prevalence is higher, often while the animals are still in quarantine or shortly thereafter. A previous isolate of M. bovis was made in our laboratory from an isolated case of bovine conjunctivitis in 1997. As in the M. bovis isolates in this case, the 1997 isolate (ID 133/97) showed atypical reactions in the IMF test, in which no reaction was detected with the standard conjugate for direct IMF. Further testing of M. bovis 133/97 showed an atypical reaction pattern in Western immunoblotting with monoclonal antibodies to epitopes of major surface antigens. 3 It has been speculated that atypical strains of M. bovis are less pathogenic and more likely to be found in unusual clinical presentations.
This article describes an outbreak of bovine conjunctivitis in Israel in which coinfection with several mycoplasma species was diagnosed. Mycoplasma bovoculi was demonstrated in all 5 eye sample swabs taken from young calves suffering from ocular disease with profuse lacrimation. M. bovis and M. bovirhinis were also recovered in these animals, either from the eye or nasal swabs (Table 1) . Although other Israeli authors 5, 21, 20 have described cases of IBK from which M. ovis was isolated, other nonmycoplasma pathogens of the respiratory tract, such as Pasteurella spp. and Hemophilus somnus, were not found in this group of animals.
M. bovis may have been implicated in a prior BRC epi-sode in the animals tested. Some authors have suggested an association of mycoplasma infections, especially M. bovis, with IBK during or after a BRC episode caused by pneumonic virus infection(s). 12, 14 A clinical BRC episode, which occurred approximately 2-3 weeks before mycoplasma testing was done, may have been a predisposing factor for the subsequent IBK episode. Another mycoplasma species, M. dispar, is more typically found in very young calves with respiratory problems, 17, 18 but it was not isolated in this group of animals. The seroconversion that was found in paired serum samples was suggestive of a recent BRSV infection, which may have also involved M. bovis, although the possible implication of M. bovis in BRC was not considered until its presence was demonstrated in the later tests. The overall test results support our opinion that viral-associated respiratory disease predisposed the animals to infection with pathogenic mycoplasmas, which then spread to other tissues. In recent years there has been increasing recognition of the prevalence and importance of disease syndromes of multifactorial etiology. It is often difficult to elucidate the role of each of the infecting microorganisms, especially because the relative importance of each may vary in different cases. Furthermore, the organisms may act sequentially rather than in concert and may not be present in the lesion at the same time. Whereas synergism between Mycoplasma spp. and other bacteria or viruses has been frequently described, reports of synergism between 2 mycoplasma species are less common in the literature. This may be due in part to the technical complexity in demonstrating coinfection with several Mycoplasma spp. (saprophytic or pathogenic). Moreover, the presence of a fast-growing mycoplasma species (for instance, the saprophytic species M. bovirhinis) may limit the detection of more fastidious or slow-growing organisms. The use of more than 1 culture medium, as was done in this study, is a useful aide to diagnosis. The use of PCR will undoubtedly increase the ability to detect mixed mycoplasma infections in the future.
In conclusion, the described clinical outbreak of IBK agrees with previously described cases of mixed mycoplasma etiology, in which the dominant microorganism was M. bovoculi, herein identified for the first time in Israel. Our studies suggest that the first phase of the disease was pneumonic in nature. We further propose that in the subsequent phase of the disease, M. bovis and M. bovoculi acted synergistically, resulting in the development of IBK in affected animals. 
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